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(54) Process for producing hydrogenated rubbers 

(57) Process for producing hydrogenated rubbers 
which allows an easy and effective deactivation of the 
living polymer before the hydrogenation step. The deac- 
tivation of living polymer is carried out using compounds 
with very good solubility in water of formula R-OH , R- 
COOH or compound of type R' n -Si-CI 4 . n , R' n -Sn-CI 4 _ n , 
with n comprised between 0 and 3, extremes included; 
wherein R is a C 2 -C 20 alkyl group optionally containing 
one or more polar functional groups selected from C- 
OH, COOH, and R' is a C r C 20 alkyl or C 6 .C 20 aryl. The 
catalysts used in the hydrogenation of the deactivated 
polymer are titanocene compounds, being the most pre- 
ferred those of formula Cp 2 Ti (PhOCH 3 ) 2 and Ti 
(CH 2 PPh 2 ) 2 . 
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Description 

The present invention relates to a process for pro- 
ducing hydrogenated rubbers. More particularly it 
relates to a process for producing hydrogenated rub- 5 
bers which allows an easy and effective deactivation of 
the living polymer before the hydrogenation step. 

State of the Art. 

10 

Polymers having olefinic double bonds are quite 
common in the rubber industry. The presence of the 
insaturation allows vulcanization of the polymer, but 
reduces weather resistance. For this reason rubbers are 
often hydrogenated. The process for the production of is 
hydrogenated rubbers is commonly carried out accord- 
ing to the following process 

polymerization of the monomers by using known 
polymerization methods, such as anionic polymeri- 20 
zation, cationic polymerization, coordination polym- 
erization, radical polymerization, etc., by emulsion, 
solution or bulk process; 

the obtained polymer is treated with water for deac- 
tivating the catalyst and purifying the polymer while 25 
evaporating the solvent; 

the polymer is dried and dissolved in an inert sol- 
vent wherein it is hydrogenated by using a proper 
catalyst. 

30 

This method results in a very good quality of poly- 
mer but is quite expensive. In fact it requires the evapo- 
ration of the solvent used in the polymerization step and 
the polymer, before hydrogenation, requires a careful 
drying step. Since the solvent used in the polymeriza- 35 
tion step can also be used in the hydrogenation step, it 
has been proposed to make the hydrogenation over the 
living polymer ( U.S. Patent 4501857). However this 
method presents the disadvantage that the polymer, still 
being reactive, can continue to polymerize under condi- 40 
tions which are not controlled and can undergo side- 
reactions which impair the quality of the final product. 
Furthermore the viscosity of living polymers is quite 
high and requires a high energy input. 

It has been also proposed to deactivate the living 45 
polymer by reacting with hydrogen (U.S. 5039755, E P. 
0549063), the disadvantages of this method are the 
time needed for complete reaction of the hydrogen, it is 
said 20 minutes, and the need to adjust the amount of 
UH formed, too small for high molecular weight and too so 
high for low molecular weight. 

It has been surprisingly found by the Applicants that 
it is possible to obtain a hydrogenated polymer present- 
ing very good properties and, at the same time, reduc- 
ing remarkably process costs, with a simple catalyst 55 
system. 



Description of the invention 

The process of the present invention is character- 
ized by the following steps: 

a) polymerization in solution of the monomers in the 
presence of a lithium alky I to produce (co)pofymers 
of conjugated dienes 

b) addition to the reaction mixture of a deactivating 
compound selected from the following classes: R- 
OH, R-COOH, R'n-Si-CU.n , R'n-Sp-Cl^n, with n 
comprised between 0 and 3, extremes included, in 
an amount of equivalents which is at least equal to 
the amount of polymerization catalyst, wherein R is 
a C 2 -C2o alkyl group optionally containing one or 
more polar functional groups selected from C-OH, 
COOH and such that the compound has a solubility 
in water / solubility in hydrogonation solvent ratio 
higher than 49, and/or boiling point higher than 
110°C; R* is a C r C2o alkyl or C 6 -C 2 o aryl. 

c) hydrogenation of the deactivated polymer by 
adding to the mixture a hydrogenation catalyst and 
maintaining the mixture under hydrogen pressure, 
in a continuous, semicontinuous or batch manner, 
using stirred, tubular or loop reactors. 

The polymers or copolymers of conjugated dienes pro- 
duced in step a) have preferably an average molecular 
weight comprised between 500 and 1,000,000. Copoly- 
mers of a conjugated diene such as 1 ,3 -butadiene or 
isoprene, with vinylaromatic compounds such as sty- 
rene and a-methylstyrene are preferred. These poly- 
mers include statistic copolymers wherein the 
comonomers are distributed randomly along the poly- 
mer chain, the insertion copolymers and the pure or 
gradual block copolymers. 

The block copolymers are especially interesting 
since some of them are thermoplastic elastomers useful 
from the industrial point of view. Such block copolymers 
consist of 

a) at least one polymer block A obtained by polym- 
erizing an aromatic hydrocarbon containing a vinyl 
group, such as styrene and a-methylstyrene and 

b) at least one polymer block B obtained by polym- 
erizing a conjugated diene such as 1,3-butadiene 
or isoprene. 

The block copolymers preferably used in the present 
invention are those containing from 10 to 90 wt % of 
vinylaromatic hydrocarbon. Particularly preferred are 
those copolymers whose content of 1 ,2 -vinyl bonds in 
the conjugated diene unit is comprised between 25 and 
75 wt. %. When block copolymers of these characteris- 
tics are hydrogenated, the polydiene blocks are con- 
verted into polyolefin blocks that behave like 
thermoplastic elastomers of great industrial value. 

In step b) the deactivating compound R-OH or R- 
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COOH has preferably a very good solubility in water 
and/or a boiling point higher than 110°C. When the 
compound R-OH or R-COOH satisfies these conditions, 
it is easy to separate from the polymerization-hydrogen- 
ation solvent. Preferred alcohol as deactivating com- 
pounds are ethylene glycol and 2-methyl-2,4- 
pentanediol. 

When the deactivating compound is selected from 
compounds of formula RV^'CU-n, R' n -Sn-CI 4 . n , it 
remains bond to the polymer chain, and, by using com- 
pounds containing more than 2 chlorine atom, it is pos- 
sible to prepare star polymers. 

In step c) it is possible to use any catalyst that can 
selectively hydrogenate olefinic double bonds without 
hydrogenating the aromatic ring, when present. Pre- 
ferred catalysts are titanocene compounds as 
described for example in EP-A-601 953, EP-A-545 844, 
US-A-4,673,714 and US-A-4,501 ,857 whose disclosure 
is herein incorporated by reference. The most preferred 
catalysts are those of formula Cp 2 Ti(PhOR) 2 and 
Cp 2 Ti(CH 2 PPh 2 ) 2 . These catalysts do not require the 
use of a cocatalyst and still present a very high activity 
and selectivity in the hydrogenation of olefinic double 
bonds. 

In the process described in the present invention, 
the compound formed in the deactivating step by the 
reaction of the active lithium does not interfere with the 
hydrogenation catalyst activity. The amount of this com- 
pound formed is depending of the molecular weight of 
the polymer, so the hydrogenation process of this inven- 
tion is not affected by the molecular weight of the poly- 
mer to be hydrogenated. 

The use in this invention of terminated polymer 
allows to store the polymer under inert atmosphere 
because the hydrogenation step is not affected by the 
time passed since the polymerization step. This fact is 
advantageous from the industrial point of view, giving 
the process higher flexibility. 

The products of hydrogenation may be readily sep- 
arated from the solvent used by means of known proc- 
esses such as distillation, precipitation, etc. In 
particular, the partially or completely hydrogenated pol- 
ymers and copolymers may be separated from the sol- 
vent by the following methods: 

1) By contacting the hydrogenated solution with a 
polar solvent such as acetone, methanol and the 
like, which, by being a poor solvent of the polymer, 
causes precipitation of the latter and permits its 
physical separation. 

2) By contacting the hydrogenated solution with 
water and steam and eliminating the solvent by 
evaporation, separating the water and drying the 
polymer. 

3) By direct evaporation of the solvent. 

The process for the preparation of hydrogenated 
rubbers according to the invention is hereunder illus- 



trated by way of examples. 
Examples. 

5 Polymers to be hydrogenated were prepared by 

anionic polimerizatton in a ciclohexane/n-hexane mix- 
ture, using n- buthyllrthium as polymerization initiator, 
and tetrahydrofurane as polar modifier. The monomers 
used were styrene and 1 ,3 -butadiene. Samples were 

w drawn from the polymer cement to analyse. The analytic 
determinations made were: percentage of butadiene, 
styrene. 1 ,2 vinyl bonds content and average molecular 
weight. 

All hydrogenations were carried out in stirred reac- 

i5 tor , sparging hydrogen through the polymer solution. 
Said solution is in all cases the resultant from polymeri- 
zation step without any treatment. The hydrogenation 
catalysts used in the examples were Cp 2 Ti(PhOCH 3 ) 2 
or Cp 2 Ti (CH 2 PPh 2 ) 2 and were added to the reactor in 

20 solution in a ciclohexane/tetrahydrofuran mixture. 

The hydrogenation reactions were followed by the 
hydrogen flow rate demanded by the reaction, when this 
rate is zero, the reaction is completed. The final percent- 
age of hydrogenation is measured by Proton Nuclear 

25 Magnetic Resonance ( 1 H- NMR). Percentages of hydro- 
genation are referred to the polybutadiene fraction, the 
hydrogenation of the aromatic rings of the polystyrene 
fraction were not observed in any case. 

The hydrogenated polymers are recovered from the 

30 solution by means of coagulation in a water-steam mix- 
ture, recovering by evaporation and later condensation 
the solvent of the reaction. Afterwards the polymers 
were dried. 

35 Example 1. Hydrogenation of a low molecular weight 
polymer terminated with 2-methvl-2.4-Dentanediol. 

In a two liter reactor a polystyrene-polybutadiene- 
potystyrene (SBS) copolymer were prepared in a 10 % 

40 weight concentration. The deactivation of the living pol- 
ymer were made by adding 2-methyl-2,4-pentanediol in 
a molar ratio alcohol/Li active =0.5, so that all the lithium 
atoms remains inactive. The reaction is complete in less 
than 1 minute. The polymer had a styrene content of 27 

45 % by weight, a 1,2 polybutadiene content of 40,4 % 
(over total polybutadiene) and a average molecular 
weight in number (MJ of 48200. 

This solution is heated up to 90 °C, initial tempera- 
ture of hydrogenation reaction, 0.25 mmol of hydrogen- 

50 ation catalyst per 100 g of polymer is added and the 
reactor is pressurized to 8 kg/cm 2 of hydrogen. The 
hydrogen uptake is complete in 45 minutes. The per- 
centage of hydrogenation reached is 99,6%. 

55 Example 2. Hydrogenation of high molecular weight 
polymer terminated with 2-methv1-2.4-pentanediol. 

In a 20 I reactor, a SBS copolymer is prepared in a 
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10 % weight concentration in the same maner as exam- 
ple 1 , but with the necessary amount of polymerization 
initiator to become a high molecular weight polymer. 
The analysis of polymer gives a 35,5% weight of sty- 
rene, a vinylic addition in polybutadiene of 42,4 % and a 5 
molecular weight Mn= 190800. 

The hydrogenation reaction is initiated at 100 °C, 
being the hydrogenation catalyst amount used 0,15 
mmol per 100 g polymer and hydrogen pressure of 15 
kg/cm 2 . The total reaction time was 62 min and the per- 10 
centage of hydrogenation reached 99,9 % 

Example 3. Hydrogenation of a polymer finished with 
ethylene glycol, 

15 

In a 20 I reactor is prepared a SBS copolymer as in 
example 1 except that the deactivating compound was 
ethylene glycol in a molar ratio ethylene glycol/ active 
lithium = 0,5, so that no active lithium remains in poly- 
mer. The polymer concentration was 17 % weight. The 20 
content of styrene was 29,7 % weight, the 1 ,2 polybuta- 
diene over total polybutadiene was 38,9 % and the 
molecular weight Mn = 73280. 

Over this polymer solution is carried out the hydro- 
genation reaction at a pressure of hydrogen of 15 25 
kg/cm 2 , being the initial temperature 85 °C. The reac- 
tion is completed after 45 min using a catlyst amount of 
0,14 mmol per 100 g of polymer. The final percentage of 
hydrogenation was 99,8 %. 

30 

Example 4. Hydrogenation of a polymer terminated 
with a non-alcoholic compound (chloro trimethyl silane). 

A SBS copolymer was made in a 20I reactor in the 
same way as example 1, except that the compound 35 
used for polymerization finishing was (CH 3 ) 3 SiCI in a 
molar ratio with the active lithium of 1 . The polymer con- 
centration was 10 % weight. The polymer analysis 
showed a 27,2 % of styrene content, 44,1 % of 1,2 
bonds in polybutadiene and a Mn of 58000. 40 

The hydrogenation reaction of this polymer solution 
was initiated at 90 °C, the pressure was mantained at 10 
kg/cm 2 , and a catalyst amount of 0,25 mmol/100 g pol- 
ymer was used. After 75 min of reaction the hydrogena- 
tion level reached 99, 1 %. 45 

Example 5. Hydrogenation of a starshaped polymer. 

In a 2 I reactor, styrene and butadiene was sequen- 
tially polymerizated using n-buthyllithium as initiator and so 
tetrahydrofurane as polar modifier to obtain a styrene- 
butadiene living copolymer, that is made to react with 
C^Si as coupling agent for 5 min, obtaining so a SBS 
copolymer with a star shape, with four arms. The poly- 
mer had 29,7 % of styrene, 42,5 % of vinyl content in 55 
polybutadiene and a Mn= 93400. The percentage of 
coupling was 96,5 %. 

This polymer was hydrogenated in the same solu- 



tion at a initial temperature of 90°C, 8 kg/cm 2 of hydro- 
gen and 0,25 mmol of hydrogenation catalyst per 100 g 
of polymer. The reaction time was 40 minutes. The 
hydrogenation percentage was 99,8 %. The hydrogen- 
ated polymer had the same molecular distibution of the 
initial polymer, without any uncoupling. 

Claims 

1 . Process for producing a hydrogenated rubber com- 
prising the following steps: 

A. polymerization in solution of one or more 
monomers in the presence of a lithium alkyl to 
produce polymers or copolymers of conjugated 
dienes. 

B. addition to the reaction mixture of a com- 
pound selected from the following classes: R- 
OH, R-COOH, Rp-Si-CI 4_ n , R' n -Sn-CI 4 _ n with 
n comprised between 0 and 3, extremes 
included, in an amount of equivalents which is 
at least equal to the amount of polymerization 
catalyst, wherein R is a C 2 -C 2 o alkyl group 
optionally containing one or more polar func- 
tional groups selected from C-OH, COOH and 
such that the compound has a solubility in 
water / solubility in hydogenation solvent ratio 
higher than 49 and/or boiling point higher than 
1 10°C; R' is a (VC20 alkyl or C 6 -C 20 aryl. 

C. hydrogenation of the deactivated polymer by 
adding to the mixture a hydrogenation catalyst 
and maintaining the mixture under hydrogen 
pressure, in a continuous, semicontinuous or 
batch manner, using stirred, tubular or loop 
reactors. 

2. The process according to claim 1 , wherein in step 
b) the deactivating compound is selected from eth- 
ylene glycol and 2-methyl-2,4-pentanediol. 

3. The process according to claim 1 or 2 wherein in 
step a) copolymers of a conjugated diene such as 
1,3-butadiene or isoprene, with vinylaromatic com- 
pounds such as styrene and a-methylstyrene are 
prepared. 

4. The process according to claim 3 wherein in step a) 
a butadiene-styrene block copolymer is prepared. 

5. The process according to claims 1-4 wherein the 
average molecular weight of the polymer is from 
500 to 1000000. 

6. The process according to claims 1-5 wherein in 
step c) the catalyst used is a titanocene compound, 
optionally in the presence of a cocatalyst. 

7. The process according to claim 5 wherein the cata- 
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Cp 2 Ti(CH 2 PPh 2 )2- 
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